Pacific Island Countries (PICs) lag behind global trends in water, sanitation and hygiene (WaSH) development. We conducted a systematic search of all English language papers (published before February 2015) about WaSH in PICs to evaluate the state of the peer-reviewed literature and explore thematic findings. A total of 121 papers met the criteria for full-text review following an initial search result of more than 6,000 papers. Two reviewers independently assessed the quality and relevance of each article and consolidated their findings according to four emergent themes: public health, environment, emergency response and interventions, and management and governance. Findings indicate a knowledge gap in evidence-guided WaSH management strategies that advocate for human health while concurrently protecting and preserving drinking water resources. Extreme weather events threaten the quantity and quality of limited freshwater resources, and cultural factors that are unique to PICs present challenges to hygiene and sanitation. This review highlights the strengths and weaknesses of the peer-reviewed literature on WaSH in PICs, addresses spatial and temporal publication trends, and suggests areas in need of further research to help PICs meet development goals.
INTRODUCTION
The public health, economic and educational benefits of adequate water, sanitation and hygiene (WaSH) are clear and substantial (Bartram & Cairncross ) . Between 1990, the baseline of the Millennium Development Goals (MDGs), and 2015 over two billion people have gained access to improved sanitation, and two billion also to improved drinking water. Despite this global progress, the Pacific Island Countries (PICs), are lagging behind with 44% of the population relying on unimproved drinking water, and 65% using unimproved sanitation facilities (UN ).
The challenges associated with the implementation, and ultimately the success (or failure) of WaSH services in PICs are well known from a practical perspective. The oftenstated obstacles to improving WaSH services relate to the remoteness of communities, capacity constraints (at government and community levels) and political instability. There have also been concerns raised about the lack of contextual information and awareness in the planning of WaSH services, including a lack of participation and inclusion of gender and minority groups and insufficient social, cultural and environmental knowledge guiding decision-making.
These predispose development projects to failure in implementation and insufficient uptake of improved WaSH services (Clarke et al. ) . The PICs also face the challenge of extreme weather events that frequently damage water and sanitation infrastructure, and threaten the sustainability of development programs. They are on the frontlines of climate change (Farbotko ) , where rising sea levels, increasingly variable precipitation patterns and changing storm frequencies and magnitudes increase complexity in delivering and maintaining access to 2. To explore trends in peer-reviewed WaSH research activity across PICs and through time.
3. To identify emergent themes within the peer-reviewed literature and establish areas in need of greater research.
METHODS
We reviewed WaSH research published in academic journals using the PRISMA guidelines for systematic reviews and meta-analyses (Moher et al. ) , with specific attention to PICs. Searches were performed using a combination of twenty geographic (i.e. country and regional) names, eight WaSH (e.g. drinking water, toilets, hygiene) and seven human health (i.e. disease and pathogen names) terms for a total of 1,280 combinations (supplementary Table S1 , available with the online version of this paper). Our literature search uncovered a myriad of studies ranging from household water treatment to climate change policy with vastly different outcome measures, making meta-analysis infeasible (Table 1) . Public health studies generally applied epidemiological and microbiological analyses to uncover disease transmission and prevalence, while environmental studies explored freshwater availability and concentrations of chemical and biological pollutants. Intervention and adaptation studies investigated the effectiveness of WaSH improvement projects, or the impact of disaster response actions. While papers sometimes used similar indicators, for example for biological water quality, they were used in different ways to study different relationships in the four themes. Similarly, some relationships studied in WaSH management and governance research employed sociological measures similar to those found in intervention and adaptation studies but the associated interviews and group discussions had different purposes. Meta-analysis was therefore inappropriate for our goals. Therefore, this review employed a narrative synthesis of public health, the environment, emergency WaSH and intervention strategies, and management and governance insofar as they related to WaSH research in PICs. Given the heterogeneity of the parameters studied and the topics covered in this review, two authors independently assessed each paper for quality of scientific study and the implications for WaSH in PICs.
Each of the two authors assigned to a specific topic then consolidated their findings in a qualitative review of emergent themes.
Literature search
We searched three online databases of peer-reviewed journals (Web of Science, IWA Publishing and Pub Med) for articles published in English. The search had no date restrictions and was conducted between September 2014 and February 2015. Public health Animal husb./zoonosis Leptospirosis (3), parasites (2), brucellosis (1), pigbel (1) Personal hygiene Typhoid (3), cholera (3), yaws (2), diarrhea (1), handwashing (1) Seasonal variability Diarrhea (3), coliforms (1), melioidosis (1), Burkholderia pseudomallei (1) Sanitation E. coli (3), cholera (3), diarrhea and dysentery (2), heavy metals (1), typhoid (1) Environment Atoll freshwater lenses Lens thickness (7), salinity (2), chloride (2), electrical conductivity (2), pumping capacity/sustainability (2), drainage rate (1) Radioactivity/nuclear testing Transuranic radionuclide inventory (2), dose equivalent rate (2)
Saline intrusion Electrical conductivity (3), salinity (2) General pollution Heavy metals (3), nitrates/nutrients (3), pesticides (2), fecal coliforms (2), E. coli (2), fluoride concentration (1), detention pond size (1), total waste produced (1) Sanitation Fecal coliforms (4), E. coli (3), diarrheal prevalence (2), enterococci (1), Vibrio cholera (1), toilet density (1)
Interventions and adaptation
Water sources Water quality measures (10), E. whether to include it in the review, using the same criteria as the abstract screening (Table 2) . These inclusion terms are integral to WaSH; therefore, abstracts referring to these topics were included without the need of a second search term. (2015)). The sum of papers included in each thematic category does not equal the total number of papers reviewed because some papers were assigned to more than one category.
RESULTS

Search results and study characteristics
Spatial trends in WaSH publications
With over 42% of all peer-reviewed WaSH research occur- Wen ). However, more information is needed on improving water quality damaged by these factors (Heitz et al.
).
Many of the articles on WaSH management and governance had specific recommendations for improvement.
However, these are often not widely applicable, as they are derived from modelling of specific situations ( A single large event can remove or damage infrastructure to the degree that entire communities immediately lose access to clean safe drinking water, as was the case for the village of Falelima, Samoa (Martin & Watkins ) . In that village, it was suggested that rainwater harvesting should be adopted both as a 'failsafe' approach following disasters and as a means by which water could be secured for the community pending re-construction (which may take several years). While many management and governance initiatives produce evaluations, they infrequently adhere to rigorous standards, nor do they prioritize sharing lessons in peerreviewed literature. Acknowledging this, we identify gaps around management and governance. Indeed, the available literature revealed the need for evidence guided management strategies that prioritize human health and wellbeing, while concurrently protecting and preserving the natural resources they rely upon for safe drinking water.
Development WaSH and intervention strategies
This could include the assessment of different 'systems' approaches to WaSH planning, which involve local stakeholders as active and equal participants in the development process, and that harmonize the protection of freshwater resources from 'ridge to reef' with an appreciation for the local socio-cultural context.
CONCLUSIONS
As we usher in a new generation of development goals, it is timely to reflect on WaSH performance against the MDG target, and pay due diligence to why PICs lagged behind 
